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ABSTRACT 
Malloy, John C., M.S.*, Summer 1981 Wildlife Biology 
The Effects of 1080 Baiting on Columbian Ground Squirrels and Nontarget 
Mammal and Bird Populations (65 pp.) 
Director: Bart W. O'Gara 
Target and nontarget mortality from 1080 baiting of Columbian ground 
squirrels (Spermophilus columbianus) was investigated in the Blackfoot 
Valley of western Montana. Ground squirrel population estimates declined 
to 0 on the treatment area immediately after poisoning, but returned to 
approximately 20% of their former levels within 1 year after treatment. 
Immigrants apparently came from the nearest untreated site, less than 246 
feet (75 m) away. Juvenile squirrels were disproportionately less 
abundant on the treatment area in 1980 than in 1979, the treatment year. 
Capture rates and population estimates for small mammals declined 
immediately after baiting on the treatment area and increased on the 
control area. Population estimates declined further over the following 
winter on both treatment and control areas and reached a low point in 
the spring of 1980. The over-winter decline was greater than the decline 
following baiting, and was presumably a natural fluctuation. 
Passerine bird population indices varied after baiting but not in a 
manner attributable to the poisoning campaign. Granivorous birds were 
apparently unaffected by 1080 baiting. Three Common Raven (Corvus corax) 
carcasses were recovered. 
Carnivore populations were not reliably surveyed. Scent station 
indices and carcass recoveries indicated that coyote (Canis latrans) 
mortality occurred, but the magnitude of population reduction was not 
quantifiable. Post-treatment observations indicated that coyotes and 
other carnivores were not extirpated, even on treated areas. Carcass 
recovery indicated that mortality may be locally high where coyotes are 
traditional users of a treated area. 
Toxicity testing suggested that coyotes could easily acquire a lethal 
dose of squirrel carcasses, but because of their higher tolerance levels, 
badgers (Taxidea taxus) and Golden Eagles (Aquila chrysaetos) would 
seldom eat lethal amounts before carcass decomposition or removal by 
other species. Monitoring of rodent carcasses available above ground 
showed that such carcasses were available to scavengers for less than 
2 weeks after baiting. 
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CHAPTER I 
INTRODUCTION 
The Columbian ground squirrel is a significant consumer of 
cereal grains and hay where such land uses and the ground squirrels' 
range overlap (Shaw 1925). Landowners find this situation economically 
undesirable, and ground squirrel control is often employed. The most 
economical of the available methods is poisoning (Myllymaki 1975). 
Compound 1080 (sodium monofluoroacetate) was introduced to the 
United States in 1944 as a synthetic rodenticide to replace naturally 
occurring alkaloid compounds made unavailable by the war (Atzert 1971). 
It quickly became the poison of choice for use in controlling Columbian 
ground squirrel damage to crops, as well as for use in predator control. 
Its high toxicity and potential for nontarget (unintended species) 
mortality, especially when used at bait stations for coyotes, prompted 
the U.S. Fish and Wildlife Service to begin a series of studies of 
nontarget mortality shortly after its widespread use began (Ward and 
Spencer 1947, Robinson 1953). These studies were aimed at determining 
levels of acute toxicity to nontarget species and modifying field 
methods to reduce nontarget deaths. 
Mounting public concern over suspected secondary hazards to 
desirable, and in some cases endangered, species led to the curtailment 
of 1080 use by the federal government in 1972 (Nixon 1972) and to 
initiation of the deregistration process by the U.S. Environmental 
Protection Agency (EPA) (U.S. Fish and Wildlife Service 1978). This 
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process has not yet been completed, but most registrations for 1080 use 
as a field rodenticide were suspended under EPA's Rebuttable Presump­
tion Against Registration. The compound's superior efficacy, however, 
prompted agricultural interests to call for removal of sanctions 
against its use in rodent control. 
In response, EPA granted the state of Montana a Specific 
Exemption under Section 18 of the Federal Insecticide, Fungicide, and 
Rodenticide Act for the use of 1080-treated grain to poison Columbian 
ground squirrels in 12 western counties from 1 August 1978 to 1 August 
1979. Under this Specific Exemption, the state was required to conduct 
studies of economic damage, alternative control methods, and nontarget 
mortality resulting from the baiting program. The Montana Departments 
of Agriculture; Livestock; and Fish, Wildlife and Parks formed a joint 
committee to oversee the required research programs. The Department 
of Fish, Wildlife and Parks accepted the responsibility of determining 
the effects of the baiting program on target and nontarget bird and 
mammal populations. This report fulfills that responsibility. 
The objectives of the research program were to: 
1) estimate changes in nontarget bird and mammal populations 
subsequent to 1080 treatment; 
2) estimate changes in Columbian ground squirrel population 
levels subsequent to 1080 treatment; and 
3) estimate the toxicity of 1080-poisoned ground squirrel 
carcasses recovered in the field to selected mammalian carnivores and 
avian scavengers. 
CHAPTER II 
STUDY AREAS 
The study was conducted in the Blackfoot Valley of western 
Montana (Fig. 1). Two study areas, 1 treated with poisoned grain and 
1 untreated, were located on the Valley floor above the flood plain. 
The area exposed to treatment was on the Lindbergh Ranch near 
Greenough in Missoula County. An area of approximately 640 acres 
(259 ha) centered on a sprinkler-irrigated field of orchard grass 
(Dactylus glomerata) and alfalfa (Medicago sativa) was examined. Four 
major vegetation types were represented on the area and formed the 
units into which the study area was stratified for sampling purposes. 
These types were: sagebrush (Artemisia tridentata), irrigated hayland, 
native grassland, and ponderosa pine (Pinus ponderosa) forest. 
The control area was located on the Montana Department of 
Fish, Wildlife and Parks' Blackfoot-Clearwater Game Range in Powell 
and Missoula Counties. The same 4 vegetation types were examined here 
as on the treatment area; however, unlike the vegetation types on the 
treatment area, these were not contiguous but were split into 2 sites, 
termed east and west sites, 6 miles (9.8 km) apart. The east site 
represented the irrigated hayland vegetation type, but was subirrigated 
rather than sprinkler irrigated. It produced a variety of native and 
introduced grasses and forbs. The west site of the control area 
included the sagebrush, native grassland, and ponderosa pine vegetation 
types. The 4 vegetation types examined on the control area were similar 
in size to those on the treatment area. 
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Fig. 1. Map of the upper Blackfoot Valley. Hatched polygons represent the 
the study areas. The inset shows the location of the study areas 
in Montana. 
CHAPTER III 
MATERIALS AND METHODS 
Columbian Ground Squirrel Trapping 
Grid trapping. I sampled Columbian ground squirrel popula­
tions on 2 trap grids of 3.5 acres (1.4 ha) located on treated and 
control hayfields. Each grid consisted of 81 6 x 6 x 18 inch (15 x 15 x 
46 cm) cage-type live traps arranged in 9 rows and 9 columns spaced 
49 feet (15 m) apart. Traps were set during 7 trapping periods between 
1 June and 14 August 1979 and during 9 trapping periods between 1 May 
and 16 August 1980. Trapping periods were either 3 or 4 days long and 
were separated by intervals of 5 to 19 days. 
I set traps at 0800 to 1100 and closed them at 1700 to 2000 
on trapping days. On extremely hot days (above 85° F; 30° C), I closed 
traps during midday and reopened them in the afternoon to prevent 
squirrel deaths from heat stress. I checked traps a minimum of 7 times 
per trap-day. 
I baited traps with a mixture of rolled oats, peanut butter, 
and apples in 1979, but with either a mixture of rolled oats, peanut 
butter, and applesauce, or only rolled oats, in 1980. No difference in 
response to these bait combinations was observed. I recorded the age, 
sex, and station of capture and permanently marked squirrels by toe-
clipping (Melchior and Iwen 1965). 
Ground squirrel population sizes were estimated with the 
Jolly-Seber estimator (Jolly 1965, Seber 1965) and from the minimum 
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number of squirrels known alive. The Jolly-Seber model permits calcu­
lation of confidence intervals for population estimates. One of the 
assumptions of this model is that all animals are equally catchable. 
This assumption was tested with Leslie's test of equal catchability 
(Caughley 1977:136) for the 2 squirrel populations and for age groups 
of the populations. Squirrels were classified as either adults (> 1 yr 
old) or juveniles. 
I estimated effective trapping areas of the grids by the 
nested grid method (Seber 1973:51). Estimates of effective trapping 
area and population size were combined to determine squirrel densities 
on the treated and control areas. 
I calculated dispersal vectors for adult squirrels captured 
on the treatment area in 1979 and 1980. Distances between 1st and 2nd 
captures of each individual were combined to form a single resultant 
vector for each year. Student's t-test was used to compare lengths of 
movement between the 2 years. 
The treatment area grid was divided into 9 cells of equal 
size (Fig. 2). Initial 1980 captures falling in each of these cells 
were used to calculate the index of dispersion (Tanton 1965). This 
index is distributed as chi-squared with n-1 degrees of freedom, and a 
significant value indicates that the probability of an individual's 
being initially captured is not equal for all cells. The Rayleigh test 
of randomness of 2-dimensional orientation (Durand and Greenwood 1958, 
Batschelet 1965) was used to test for a preferred direction of movement 
between 1st and 2nd captures of adult squirrels on the treatment area 
in 1979 and 1980. 
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Fig. 2. Treatment area trapping grid divided into 9 cells. The crosshatched 
area in the upper right corner was not treated. The shaded area is 
the sagebrush vegetation type, and unshaded areas are irrigated 
hayland. 
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Off-grid trapping. To determine sources of immigration, many 
squirrels were trapped at distances of approximately 656 feet (200 m) 
and 1640 feet (500 m) from each trap grid during the pretreatment period 
and marked by toe-clipping and by external application of Nyanzol A dye 
(Melchior and Iwen 1965). 
Small Mammal Trapping 
In each area, I used 4 traplines to sample small mammal popu­
lations. Each line consisted of 20 Sherman-type 3x3x9 inch (76 x 
76 x 229 mm) live traps spaced 49 feet (15 m) apart. Each of the 4 
vegetation types in the treatment and control areas contained a trap-
line. Traplines were run during 9 trapping periods of 3 days duration 
in 1979 and for 7 trapping periods of the same duration in 1980. Trap­
ping periods were separated by intervals of 7 to 28 days. The 2 trap-
lines in the ponderosa pine vegetation types were discontinued after the 
5th trapping period in 1980 because virtually no mice on those areas 
survived the winter. 
Traps were baited with peanut butter and rolled oats, set 
before dark, and checked once daily between 2200 and 0130 the following 
morning. I recorded the species or genus, age, and sex of captured 
individuals and individually marked them by toe-clipping. 
I used Leslie's test of equal catchability and the Jolly-Seber 
model to estimate small mammal population sizes as described for ground 
squirrels. The minimum number of mice known to be alive and the number 
of captures per 100 trap-nights for each trapping period were calculated 
to provide indices of abundance for periods \*hen population sizes were 
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estimated to be incalculably low by the Jolly-Seber method. For the 3 
traplines on the treatment area that were only partially treated with 
poison bait, separate calculations of capture rates were made for baited 
and unbaited trapline segments. 
Bird Transects 
I conducted bird population surveys along census routes 
originating at the first small mammal trap station in each of the 8 
vegetation types in 1979. In 1980, the 2 transect lines in the ponder­
osa pine forest vegetation type were eliminated. These 2 transects each 
consisted of a single 1495 foot (455 m) line. The 6 remaining bird 
transects consisted of 2 parallel lines 1495 feet (455 m) long separated 
by a distance of 164 feet (50 m) . 
Transect counts were conducted between 0630 and 1100 on clear 
or slightly overcast days with little or no wind. In 1979, pretreatment 
counts were made between 3 June and 10 July, and post-treatment counts 
were made between 23 July and 18 August. In 1980, replicates of pre­
treatment counts were conducted between 5 June and 10 July, and repli­
cates of post-treatment counts were made between 18 July and 7 August. 
I attempted to complete 5 pretreatment and 5 post-treatment counts for 
each transect line each year. 
I identified the species of each bird encountered. A simple 
tally of all birds of each species seen or heard while on the transect 
was used as an index of abundance (Kendeigh 1944). The t-test or its 
nonparametric analog, the Kolmogorov-Smirnov two-sample test (Daniel 
1978), was used to test for significant differences between pretreatment 
10 
and post-treatment counts. The 2 most common species, Vesper Sparrows 
(Pooectes gramineus) and Western Meadowlarks (Sturnella neglecta), were 
treated separately, but most of the remaining species were grouped as 
"residents." Waterfowl, raptors, swallows, Common Ravens (Corvus 
corax), and presumed transient birds were not included in the resident 
category. 
Bird Banding 
Western Meadowlarks were captured with 8.5 x 39 foot (2.6 x 
12 m) mist nests of 1.4 inch (36 mm) and 2.4 inch (61 mm) mesh sizes. I 
determined the ages of the captured birds and banded them with U.S. Fish 
and Wildlife Service bands and individual color bands before release. 
Attempts were made to observe the banded birds on all subsequent 
transect counts and during grid trapping sessions. 
Nest Observation 
Searches were made for bird nests as time permitted on treat­
ment and control areas. Nests were marked by placing plastic flagging 
material 6 feet (2 m) away on low vegetation. I recorded the status of 
all nests and continued to check nest status at 1 to 3 day intervals. 
I calculated Vesper Sparrow nest success (Mayfield 1975). 
Carnivore Population Indices 
Carnivore populations were surveyed by a standard scent 
station line (Linhart and Knowlton 1975), a siren response census 
(Wenger and Cringan 1978), and coyote scat collection routes. The pre­
treatment scent station survey was conducted in late June 1979 and a 
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post-treatment survey in early September 1979. In 1980, replicate pre­
treatment and post-treatment surveys were conducted during the same 
months. 
Scat collection routes were located on each of the 2 study 
areas. The routes were 0.75 miles (1200 m) long and were checked for 
coyote scats at approximately 10 day intervals during grid trapping 
periods. Scats were analyzed for ground squirrel remains. 
During both years of the study, observations of carnivores, 
particularly coyotes and badgers, were recorded to provide a subjective 
index of abundance. 
Poisoning 
A Missoula County baiting crew applied 1080-treated oat bait 
to the Lindbergh Ranch study area on 10 July 1979. Approximately 102 
contiguous acres (41 ha) were treated (Fig. 3) at a rate of 0.5 pounds/ 
acre (0.56 kg/ha). The entire area of the ground squirrel trapping 
grid and parts of the irrigated hayland, native grassland, and sagebrush 
small mammal traplines were treated. The trapline in the ponderosa pine 
forest vegetation type was untreated but was within 246 feet (75 m) of a 
baited area. 
Utilization of Rodent Carcasses 
An intensive and systematic search for carcasses of poisoned 
animals was conducted on the treatment area by a 15-person crew during 
the 2 days immediately after treatment. Searches of lower intensity 
were made on the untreated area. Carcass locations were marked, and the 
density of carcasses found on the surface was calculated for each species 
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Fig. 3. Map of the treatment area. 
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and for all species combined. Carcass locations were revisited after 
12 days to document presence and condition. 
Toxicity Testing and Pathological Signs 
I acquired 4 coyotes, 1 badger, 3 Golden Eagles, and 12 Black-
billed Magpies (Pica pica) for toxicity testing. Poisoned carcasses fed 
to these captive animals were collected from 1080 treatment areas, 
frozen until needed, and presented to the caged individuals. Each 
animal was fed a maximum of 1 squirrel per day until it either died or 
was judged to have eaten more squirrels than it would probably eat under 
natural conditions. All experimental animals were necropsied at death 
by B. W. O'Gara of the Montana Cooperative Wildlife Research Unit. 
Tissue samples were sent for 1080 residue analysis to the Montana Depart­
ment of Livestock's Animal Health Diagnostic Laboratory. 
All test animals except magpies were individually caged. The 
magpies were caged in 3 groups of 4 individuals each. One group was fed 
squirrels that had been cut open to simulate partially used carcasses, 
another was fed the viscera discarded by the Golden Eagles, and the third 
was fed whole, unopened carcasses. 
Recovery and Analysis of Nontarget Carcasses 
Except for mice, all carcasses of nontarget animals encountered 
by the investigators were collected for examination. When possible, 
tissue samples were collected for analyses. 
CHAPTER IV 
RESULTS 
Columbian Ground Squirrel Trapping 
Grid trapping. Leslie's test of equal catchability showed 
that the age groups within the populations were not always equally 
catchable (Appendix A). Separate estimates for the 2 age classes were 
calculated and then combined to form a total estimate for each grid. 
Estimates for age classes and for the combined groups, as well as mini­
mum numbers known alive, are listed in Appendix B. 
Populations on the treatment and untreated area grids were not 
of equal size when sampling began (Fig. 4). Although it was initially 
the larger of the 2, the treatment area squirrel population estimate 
declined to zero immediately after baiting and remained there for the 
rest of the 1979 season. No squirrels were seen or heard on the treat­
ment area grid from 10 July 1979 until April 1980, nor were any of the 
squirrels marked in 1979 recaptured after 10 July 1979. In 1980, the 
treatment area was partially repopulated, but population estimates were 
about 20% the size of the 1979 estimates. In 1979, 149 individuals 
were captured on this area; only 30 were captured in 1980. 
Population estimates and minimum numbers known to be alive on 
the untreated area remained at approximately the same level throughout 
the study (Fig. 4). The estimates for late July and early August were 
slightly lower than for the rest of the active period because of early 
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entry into torpor by some squirrels. Seventy-eight individuals were 
captured on the untreated area in 1979 and 76 in 1980. Thirty-three of 
the 78 individuals captured in 1979 survived to be recaptured in 1980. 
The late-June peaks in population size recorded during both years 
reflect the emergence of juveniles. 
Juveniles comprised 56% of the individuals captured on the 
treatment area in 1979 but only 20% in 1980. A similar decline from 54% 
to 26% occurred on the untreated area. Three of the 6 juveniles on the 
treatment area were first captured after 20 July 1980, suggesting that 
they immigrated from elsewhere, rather than being offspring of 
immigrants. 
Age-specific productivity data were collected for female 
squirrels on the untreated area in 1980. At least 20% of the yearling 
females (n=15) and 80% of the females 2 years old or older (n=6) were 
pregnant or lactating during 1 of their captures. It is likely that all 
of the females in the 2-year old or older group actually 
bred in 1980, but not all squirrels were captured during the gestation 
or lactation periods. 
The effective trapping area of the treatment area grid, as 
calculated by the nested grid method, was 4.9 acres (2.0 ha). The 
maximum density was 24.8 squirrels per acre (61.3/ha), and the minimum 
was zero. The effective trapping area of the untreated area grid was 
8.0 acres (3.2 ha), and the maximum squirrel density was 7.9 squirrels 
per acre (19.6/ha). The minimum density on the untreated area was 4.1 
squirrels per acre (10.2/ha), reached after some individuals became 
torporous in August 1980. 
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A comparison of the lengths of movement between the 1st and 
2nd captures of adult squirrels on the treatment area showed that the 
mean length of movement was longer in 1980 (104 feet; 32 m) than in 1979 
(101 feet; 31 m), but not significantly so (p > 0.10). 
The index of dispersion for initial captures of squirrels on 
the treatment area in 1980 was significant (1=57.66, df-29; P < 0.005). 
Immigration did not occur equally on all sides. Cells 1 and 2 (Fig. 2) 
were favored, and the other 7 cells were invaded less frequently than 
expected. 
Adult squirrels on the treatment area oriented randomly 
between their 1st and 2nd captures in 1979 (Rayleigh test; p > 0.10). 
In 1980, squirrel movements were perhaps nonrandom in orientation 
(Rayleigh test; 0.10 >P>0.05). The resultant vectors calculated for 
squirrel movements in both 1979 and 1980 (Fig. 5) indicated a net move­
ment away from the edge of the treatment area hayfield and toward its 
center. 
Off-grid trapping. Traps placed at the edge of the treatment 
area caught 73 squirrels before treatment, and similarly placed traps 
on the control area captured 55 individuals. The Nyanzol A dye proved 
to be poorly suited for marking squirrels. Toe-clipped squirrels were 
often recaptured within a week of being marked with the dye and yet had 
only faint traces of the dye still visible. None of the dyed squirrels 
were ever observed or trapped on either grid. 
Small Mammal Trapping 
Over 95% of the 1416 small mammal captures were of deer mice 
• o 
1979 
n = 25 
0 = 129° 
r  = 0.033 
'  Expected 
Di rect ion  
(0= 225°) 
1980 
n = 10 
0 = 238° 
r  = 0.167 
Fig. 5- Resultant vectors for gound squirrel movements in 1979 and 1980. 
The dashed line for 1980 movements indicates the direction from 
which invading squirrels would have come if their source was the 
nearest untreated site. A vector the length of the radius of 
the circle (i.e., all oriented in 1 direction) would have an 
r-value of 1.0. 
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(Peromyscus maniculatus); voles (Hicrotus spp.), yellow pine chipmunks 
(Eutamias amoenus), and a single western jumping mouse (Zapus princeps) 
comprised the remainder. Leslie's test and the Jolly-Seber model could 
be used only with the abundant deer mouse data. Even so, sample sizes 
were too small (n<20) to confidently assume equal catchability 
(Appendix C). Of the available models, the Jolly-Seber model still best 
fits these conditions. 
Deer mice declined in abundance in all 4 vegetation types on 
the treatment area during the period immediately after bait application 
but showed no such decline on the untreated area (Figs. 6 through 9). 
The trapline in the ponderosa pine vegetation type on the treatment 
area was not actually baited, although it was within 246 feet (75 m) of 
the baited buffer zone surrounding an irrigated hayfield. Deer mice on 
this line nevertheless showed a decline in abundance after baiting. 
The 95% confidence interval for the final pretreatment estimate does not 
include the mean of the initial post-treatment estimate on this line 
(Fig. 8) or the other treatment area lines (sagebrush, grassland) for 
which initial post-treatment estimates were calculable. However, the 
capture rate on this line did not abruptly decline after treatment 
(Fig. 12). Capture rates and minimum numbers known alive (Appendix D) 
generally reflected estimates of population size on all 8 traplines. 
Capture rates of deer mice on the baited segments of the sage­
brush, irrigated hayland, and native grassland traplines on the treat­
ment area declined after treatment (Table 1). Capture rates of deer 
mice on the unbaited segments of the irrigated hayland and native grass­
land lines also declined, although not as abruptly as the baited segment 
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6. Estimated deer mouse population sizes (top) and capture rates 
(bottom) in the sagebrush vegetation type for treatment and control 
areas. Vertical bars on the upper graph indicate 95% confidence 
intervals. These data show the decline in deer mouse numbers on the 
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Fig. 7. Estimated deer mouse population sizes (top) and capture rates 
(bottom) in the irrigated hayland vegetation type for treatment 
and control areas. Vertical bars on the upper graph indicate 
95% confidence intervals. Solid bars represent treatment area 
values, and the open bar represents the control area. 
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Fig. 8. Estimated deer mouse population sizes (top) and capture rates 
(bottom) in the ponderosa pine vegetation type for treatment 
and control areas. Vertical bars on the upper graph indicate 
95% confidence intervals. These data show the decrease in 
deer mouse numbers over the winter following bait application. 
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(bottom) in the native grassland vegetation type for treatment 
and control areas. Vertical bars on the upper graph indicate 
95% confidence intervals. 
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Table 1. Deer mouse capture rates on baited and unbaited segments of 
treatment area traplines compared with control area traplines 
before and after 10 July in 1979 and 1980. These data show 
the decline in deer mouse numbers associated with bait 
application. 
Deer mouse captures/100 trap-nights 
1979 1980 
Treatment Category Pre-10 July Post-10 July Pre-10 July Post-10 July 
Sage Treatment 
Baited 22.22 13.89 5.56 5.56 
Unbaited 54.76 59.53 8.33 32.54 
Control 36.47 42.92 7.50 6.67 
Hay Treatment 
Baited 9.58 1.04 2.08 3.47 
Unbaited 23.33 4.16 2.08 0 
Control 0.33 2.08 0 7.22 
Grass Treatment 
Baited 58.33 20.83 0 33.33 
Unbaited 51.85 49.54 17.13 30.25 
Control 20.00 36.25 5.00 33.34 
Pine Treatment 
Unbaited 35.00 45.42 0.42 1.67 
Control 11.67 17.08 0 0 
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rates. 
Capture rates for microtines decreased on the baited segment 
of the irrigated hayland trapline after treatment, but did not decline 
as abruptly as the deer mouse rates on the same segment (Table 2). 
Microtine capture rates increased by 67% on the unbaited segment of 
this line after treatment, while deer mouse rates decreased. 
On all 8 traplines, population estimates and capture rates 
were lower in 1980 than in 1979. During both years, estimates and 
capture rates increased from a low point in May as juveniles were 
recruited during the summer. In 1980, the initial May population esti­
mates were lower on all lines than in 1979. On the traplines in the 
ponderosa pine vegetation type, deer mice were essentially extirpated 
between the final trapping period in 1979 and the initial trapping 
period in 1980, presumably by winter weather. 
Bird Transects 
I compared pre- and post-treatment transect counts for 
Western Meadowlarks, Vesper Sparrows, and other resident birds in each 
vegetation type. This resulted in 38 comparisons. Transect counts 
declined after 10 July in 26 and 38 cases (1 case = 1 transect before 
and after 10 July; Tables 3 and 4), including 5 of 10 cases on the 
treatment area in 1979. In 12 of these 26 cases, the decline was 
statistically significant (P <0.05) by either the t-test or Kolmogorov-
Smirnov 2-sample test. In 1979, the treatment area showed 2 significant 
declines out of 11 cases, and the untreated area showed 1. Birds 
classified as residents declined immediately after treatment on the 
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Table 2. Microtine capture rates on baited and unbaited segments of a 
treatment area trapline compared with a control area trapline 
before and after 10 July in 1979 and 1980. These data show 
the decline in microtine numbers associated with bait 
application. 
Microtine captures/100 trap-nights 
1979 1980 
Treatment Category Pre-10 July Post-10 July Pre-10 July Post-10 July 
Hay Treatment 
Baited 7, .08 2.60 0 4.17 
Unbaited 5, .00 8.33 0 0 
Control 0. 33 0 0 0 
Table 3. Mean pre- and post-10 July bird transect counts for 1979 
Sample size for each mean is given in parentheses. 
with results of tests of significance. 
Treatment area Control area 
Irrigated 
Sage hayland Grass Pine 
Irrigated 
Sage hayland Grass Pine 
Residents 1979 
Pre-10 Jul mean count 8.6(5) 
Post-10 Jul mean count 7.0(5) 
T-test p-value 0.062 
Kolmogorov-Smirnov 
P-value 
Western Meadowlarks 1979 
Pre-10 Jul mean count 1.0(5) 
Post-10 Jul mean count 1.4(5) 
T-testP-value 
Kolmogorov-Smirnov 
p-value > 0.050 
Vesper Sparrows 1979 
Pre-10 Jul mean count 6.2(5) 
Post-10 Jul mean count 5.2(5) 
T-test P-values 0.130 
6.5(6) 
9.6(5) 
0.132 
9.2(5) 
6.8(5) 
0.300 
2.5(6) 
2.8(5) 
0.374 
0.4(5) 
2.4(5) 
>0.050 
2.5(6) 2.2(5) 
2.2(5) 0.8(5) 
0.368 0.026a 
1 2 . 2 ( 6 )  
7.6(5) 
0.0463 
2.0(4) 4.0(5) 1.6(5) 11.4(5) 
1.2(5) 4.2(6) 1.2(5) 21.0(5) 
0.162 0.456 0.243 
>0.050 
0(4) 0(5) 0(5) 
0.8(5) 0.2(6) 0(5) 
0.133 0.174 0.500 
1.8(4) 
0.2(5) 
o.aoia  
1.2(5) 
1.7(6) 
0.310 
1.6(5) 
1.2(5) 
0.243 
3 « 
Significant decline after 10 July 
S3 
Table 4. Mean pre- and post-10 July bird transect counts for 1980 with results of tests of significance, 
For all means, n=5. These data show the prevalence of post-10 July declines in the absence 
of treatment. 
Treatment area Control area 
Sag; 
Irrigated 
hayland Grass Sa§e 
Irrigated 
hayland Grass 
Residents 1980 
Pre-10 Jul mean count 
Post-10 Jul mean count 
T-test p-value 
Kolmogorov-Smirnov 
P-value 
Western Meadowlarks 1980 
Pre-10 Jul mean count 
Post-10 Jul mean count 
T-test P-value 
Vesper Sparrow 1980 
Pre-10 Jul mean count 
Post-10 Jul mean count 
T-test p-value 
9.8 
7.8 
0.170 
1 . 8  
0.4 
0.017£ 
6.0 
6 . 0  
0.500 
8.4 
1 1 . 2  
0.050* 
3.2 
1.0 
0 .022 £  
2.4 
4.4 
0.156 
1 0 . 8  
4.0 
0.034 
a 
0.4 
0 
0.070 
2 . 6  
2 . 2  
0.310 
3.8 
1.0 
0 .006  
0 . 2  
0 
0.174 
2 . 8  
1 . 0  
0.014£ 
4.4 
3.8 
0.396 
0 
0 
0.500 
2 . 2  
0 . 2  
0.006 £  
2 . 6  
0 . 6  
0.004 
0 . 6  
0 
0.020 £  
1 . 2  
0 . 2  
0.004£ 
SL • • • • 
Significant decline after 10 July 
^Significant increase after 10 July 
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ponderosa pine vegetation type. The significant decline of Vesper 
Sparrows on the native grassland type was not observed until 17 days 
after treatment. In 1980, 3 cases declined significantly on the treat­
ment area, and 6 cases declined significantly on the control area. 
Residents, Western Meadowlarks, and Vesper Sparrows were all more 
abundant on the treatment area than the control area on all transect 
lines during both years. 
Bird Banding 
During more than 150 man-hours of mist-netting effort expended 
on the area to be treated, only 2 Western Meadowlarks were captured. 
Both birds were adults. Dates of capture were 18 and 20 June 1979. 
Many attempts were made to reobserve the marked birds, but 
the colored leg bands were apparently too small to be seen readily. No 
attempt was made to recapture the birds by mist-netting them after the 
area was treated. However, on 14 August 1979 the Western Meadowlarlc 
that had been banded on 20 June was inadvertently recaptured in a ground 
squirrel trap. It apparently survived on the treatment area during and 
after the 1080 baiting. 
Nest Observation 
Two Brewer's Blackbird (Euphagus cyanocephalus), 2 Brewer's 
Sparrow (Spizella breweri), and 13 Vesper Sparrow nests were located 
during the study. One of the Brewer's Blackbird and 10 of the Vesper 
Sparrow nests were found during 1979. The remaining nests were found in 
1980. The only nests active during or immediately after 1080 bait 
application were 5 Vesper Sparrow nests, 4 of which were on the 
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treatment area. 
Nest success of the 4 Vesper Sparrow nests active after treat­
ment on the treatment area was compared with success of the 9 unexposed 
Vesper Sparrow nests (Table 5). Nests found abandoned the day after 
discovery were excluded from these calculations as resulting from 
human disturbance. Overall success of the 4 nests exposed to treatment 
was higher than the success of the unexposed nests. Although the 
incubation success of the exposed nests was higher thari that of the 
unexposed nests, their hatching sucess was lower. 
The average clutch size for the 4 exposed Vesper Sparrow nests 
was lower (one-tailed t-test; p=0.03) than the average clutch size for 
nests that became inactive before 10 July in either 1979 or 1980 
(Table 6), but was equal to the clutch size of the single nest active 
after 10 July 1980. Such a decline in clutch size as the nesting 
season progresses is a well-known phenomenon in multi-brooded passerine 
birds (Lack 1954) and has been reported for the Vesper Sparrow (Berger 
1968). 
Carnivore Population Indices 
A pretreatment coyote siren response census was conducted but 
resulted in no responses. Plans to run a similar survey after treat­
ment were then abandoned. 
The scent station line intended as a pretreatment survey in 
1979 was delayed by rain and was not completed before treatment began in 
the area. The first 2 days of this survey were conducted before treat­
ment, and the last 3 days were conducted post-treatment. The 
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Table 5. Success of Vesper Sparrow nests exposed and unexposed to 
treatment. Success during a period is the probability of 
eggs or young surviving for 1 day during the period, raised 
to the power of the number of days in that period (MayfieId 
1975). 
Incubation ^ Hatching Nestling _ Total nest 
success success success success 
Nests unexposed 
to treatment 
(n=9) 
0.93 
12 
0.42 
1.001 = 1.0010 = (0.42)(1)(1) = 
1.00 1.00 0.42 
Nests exposed 
to treatment 
(n=4) 
1 .00  12 
1 .00  
0.671 = 1.0010 = (1)(0.67)(1) = 
0.67 1.00 0.67 
Table 6. Seasonal variation in Vesper Sparrow clutch sizes. Sample 
sizes are in parentheses. 
1979 1980 
Nests becoming inactive 
before 10 July 4.00 (6) 3.50 (2) 
Nests active on or 
after 10 July 3.00 (4) 3.00 (1) 
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pretreatment index value was 0, and the post-treatment value was 58. 
The index value for the complete 5-day survey was 33. The index 
values for all 4 surveys are listed in Table 7. The index value 
decreased over the period from June to September 1979 (when treatment 
took place) and increased from June to September 1980. Coyote scent 
station line index values are normally highest in September (Linhart and 
Knowlton 1975, Griffith et al. 1980). 
Nineteen collections from the 2 scat routes produced 34 coyote 
scats. The mean number of scats collected per run increased on the 
treatment area and decreased on the control area after 10 July in both 
1979 and 1980 (Table 8). No significant differences (one-tailed t-test; 
P > 0.05) were noted between means before and after 10 July for either 
route in either year. Treatment area means for 1980 were not comparable 
by a parametric test. They were not significantly different by the 
nonparametric Tukey's quick test (Daniel 1978:71). 
Nineteen (68%) of the 28 coyote scats examined contained 
ground squirrel remains and 15 (54%) contained microtine remains. Only 
1 of the 28 scats did not contain rodent remains. Ground squirrel 
remains were approximately as well represented in scats collected after 
treatment in 1979 on the treatment area (50%) as before treatment (62%). 
Although quantifying carnivore observations obtained inci­
dental to other activities is not possible, such observations were made 
after treatment on the treatment area in 1979. On 2 of the 12 post-
treatment small mammal trapping nights, coyotes were heard vocalizing 
nearby. On the night of 4 August 1979, a field assistant observed 
1 coyote and 1 badger hunting within 1640 feet (500 m) of a 1080 
Table 7. Coyote scent station line indices for 1979 and 1980. 
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June September 
Station Coyote Station Coyote 
Year nights visits Index nights visits Index 
1979 211 7 33 242 3 12 
1980 124 2 16 221 6 27 
1-r , total coyote visits ,, , 
Index = —• ——: •• • X 1000 
total operative station-nights 
Table 8. Mean numbers of scats per run of scat collection routes. 
Treatment area Control area 
Before 10 July 1979 1.1 0.9 
After 10 July 1979 1.3 0.3 
Before 10 July 1980 0.4 0.8 
After 10 July 1980 2.2 0 
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application site (Weybright, pers. comm.). In 3 additional instances, 
pairs of coyotes were seen crossing a road at points within a few 
hundred yards (a few hundred m) of treated areas. Finally, during a 
check of the post-treatment coyote scent station line on 13 September 
1979, a pair of coyotes were seen less than 0.6 miles (1 km) from a bait 
application site. More post-treatment than pretreatment observations of 
coyotes were made in 1979. 
In 1980, when approximately 1/3 as many man-hours were spent 
in observation as in 1979, 1 badger was seen on the treatment area after 
10 July, and coyotes were heard vocalizing on 2 of the 9 small mammal 
trapping nights after 10 July. One coyote was seen crossing a road 
within 0.6 miles (1 km) of a treated area. Five coyotes were shot by a 
government trapper within 1.2 miles (2 km) of a treated area in March 
1980 after a depredation incident. 
Utilization of Rodent Carcasses 
A search of the treatment area conducted immediately after 
treatment produced 96 mammal carcasses belonging to 3 genera (Table 9). 
Total carcass density was 0.94/acre (2.32/ha). The density of ground 
squirrel carcasses (0.71/acre; 1.75/ha) represented approximately 3% of 
the maximum density of live squirrels on the treatment area grid. 
Of the 96 carcass locations flagged on 12 July 1979, only 41 
could be relocated 12 days later; the remainder of the flags had been 
destroyed by cattle. At these 41 locations, evidence of 10 carcasses 
was found. The ground squirrel carcasses still present consisted pri­
marily of bone and skin with essentially no edible remains. 
Table 9. Species, number, and density of carcasses found immediately after treatment and again 12 days 
later. 
12 July 1979 24 July 1979 
Species Number Density Number Density 
Spermophilus columbianus 72 0. 71/acre(1.74/ha) 7 0.07/acre(0.17/ha) 
Peromyscus maniculatus 17 0. 17/acre(0.41/ha) 2 0.02/acre(0.05/ha) 
Microtus spp. 7 0. 07/acre(0.17/ha) 1 0.01/acre(0.02/ha) 
Totals 96 0. 94/acre(2.32/ha) 10 0.10/acre(0.24/ha) 
C o  
V I  
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A low-intensity search of the control area revealed only 2 
carcasses—1 vole and 1 long-tailed weasel (Mustela frenata). Circum­
stantial evidence indicated that they were killed by agricultural 
machinery during haying in the irrigated field where the carcasses were 
found. 
Even though the convention of pooling expected frequency cate­
gories with values of less than 5 was disregarded, a chi-squared test of 
fit revealed no significant difference (P > 0.05) between the proportion 
of each species represented by persisting carcasses and the proportion 
of each species comprising the carcasses originally marked on 12 July. 
Carcasses of all species were utilized by scavengers and decomposers in 
proportion to their availability. 
Toxicity Testing and Pathological Signs 
The 4 coyotes used in toxicity testing died after having 
eaten 1, 4, 5, and 8 squirrels. The coyote that died after its 8th 
squirrel survived a convulsion that occurred after its 5th squirrel. It 
appeared to have died from bacterial infection rather than from cardiac 
failure. Deaths occurred 1, 6, 4, and 13 days after ingestion of the 
1st squirrel. Three of the deaths were observed. They were preceded by 
an excitation period of high activity and vocalization lasting 10 to 25 
minutes, followed by a 3 to 8 minute period of convulsion. Variation 
apparently occurred in the amount of toxicant in each squirrel and in 
the susceptibility of individual coyotes. Even so, consideration of a 
median lethal dose is worthwhile—in this case, 4.5 squirrels. All 
coyotes in the vicinity of a baited area did not acquire a lethal dose, 
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as evidenced by the observation of coyotes on or near treated areas 
several weeks after treatment and by the results obtained from scat 
collection routes. 
The captive badger was sacrificed after it had consumed 19 
poisoned squirrel carcasses. It always consumed its daily squirrel 
within 1 h, but remained aggressive and vigorous throughout the test 
and showed no outward signs of illness. 
All 3 of the Golden Eagles used in the toxicity test were 
cripples. Two had deformities of the feet that might have interfered 
with normal feeding behavior. All 3 ceased feeding when the weather 
was hot (> 85° F; 29° C). One eagle always consumed the entire 
squirrel, including the viscera. Another was never observed to eat the 
viscera. Both of these eagles survived the test. 
One of the 3 Golden Eagles died during the test. This eagle 
had only 1 leg. It had consumed 24 squirrel carcasses at the time of 
its death. The 2 remaining eagles consumed 39 and 43 squirrels and 
appeared healthy when sacrificed. 
Two of the 4 magpies in the group fed opened carcasses died 
after the group had been given 4 and 6 carcasses. One of the 3 magpies 
(a 4th escaped) in the group fed viscera died 9 days after the group had 
been given its 4th portion of viscera. None of the 4 magpies fed whole 
carcasses died. The surviving birds in the group fed opened carcasses 
had had access to 6 carcasses; in the group fed viscera, to 4 carcasses; 
and in the group fed whole carcasses, to 5 carcasses. None of the magpie 
groups had difficulty consuming squirrel carcasses; even unopened car­
casses were readily opened and eaten. 
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Dosage histories, ages, sexes, and body weights, where known, 
of the 20 experimental animals are listed in Appendices E, F, and G. 
The 3 coyotes that died after having had 5 or fewer squirrels 
displayed 5 or more of the following signs: hemorrhaging of the spleen, 
kidneys, lungs, thymus, and intestinal mesenteries; petechial hemor­
rhaging of stomach and intestines; very dark liver; dark, unclotted 
blood; most veins somewhat distended with blood; and grayish, slightly 
mottled, and tightly contracted heart. These 3 coyotes appeared to have 
died from cardiac failure. 
The coyote that died after having eaten 8 squirrels appeared 
to have died from secondary bacterial infection. Its lungs were like 
those of an animal dying of advanced pneumonia. Heart failure was 
apparently not the cause of death. The heart was normally colored, 
very relaxed, and small hemorrhages were found in the ventricular walls. 
Like the other coyotes, its liver was very dark, its blood was dark but 
clotted, and its thymus and intestines were hemorrhaged. Unlike the 
others, its kidneys were not extensively hemorrhaged. The spleen was 
greenish, and the liver was swollen and distended by gas bubbles. 
Subcutaneous hyperemia was noted in all 4 coyotes, but subcutaneous 
bleeding was slight. 
Necropsy of the sacrificed badger revealed no gross pathologi­
cal signs. It appeared healthy and in good condition. 
Necropsy of the Golden Eagle that died on dosage revealed 
normal cardiovascular and respiratory systems. The liver and kidneys 
were enlarged and friable. The small intestine showed slight petechial 
hemorrhaging, as in the coyotes. Mutes were green and watery. 
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The cardiovascular and respiratory systems of the 2 sacri­
ficed Golden Eagles were normal. The kidneys of both birds were slightly 
enlarged, and the livers slightly swollen. The small intestines showed 
some petechial hemorrhaging. Pathological differences between these 
birds and the eagle that died during the test varied only by degree. 
Of the 3 magpies that died during the test, 2 were in good 
physical condition, and 1 (from the opened carcass group) was emaciated 
and appeared to have died of starvation. This bird may have been 
denied use of the carcasses by its cagemates. Necropsy of the 2 birds 
in good condition revealed partially clotted blood, engorged coronary 
arteries, dorsal aortas almost empty of blood, normal lungs, and 
slightly enlarged kidneys. The liver of 1 bird was slightly enlarged, 
but that of the other was normal. The emaciated magpie showed normal 
organ systems, atrophied breast musculature, and depleted fat deposits. 
Unlike the eagles, none of the 3 magpies showed petechial hemorrhaging. 
The 3 sacrificed magpies showed normal cardiovascular and 
respiratory systems and no petechial hemorrhaging. Blood clotted 
normally. The only abnormality observed was in the bird from the group 
fed viscera; it had slightly enlarged kidneys. 
Recovery and Analysis of Nontarget Carcasses 
Remains of 7 coyotes (Table 10) were found in the Blackfoot 
Valley during 1979. One of the coyote carcasses was found 10 days after 
baiting ceased in the area. The proximate cause of death was an automo­
bile collision. Another of the coyote carcasses was located 17 days 
after the baiting program was terminated and 35 days after baiting ended 
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Table 10. Date recovered, location, suspected cause of death, and 
results of analysis for 1080 residue for 7 coyote carcasses. 
Baiting began in the area on 30 June 1979. 
Suspected 
Date Location cause of death 1080 residue 
3 Jul 79 R. Vannoy Ranch 1080 < 2 ppm 
6 Jul 79 E/L Ranch 1080 < 2 PPm 
8 Jul 79 R. Vannoy Ranch 1080 
a 
9 Jul 79 E/L Ranch 1080 0 ppm 
23 Jul 79 Game Range road-kill < 2 
b 
ppm 
29 Jul 79 E/L Ranch 1080 
__a 
17 Aug 79 Lindbergh Ranch shooting 
_a 
3 • 
Too badly decomposed for analysis. 
^Possibly a false positive value. 
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on the area where the carcass was found. It had been dead for several 
days when found, and no analyzable tissues remained. The coyote was 
believed to have been shot (Lindbergh, pers. comm.). 
The remaining 5 coyote carcasses were judged to be 1080 kills. 
All 5 of these carcasses were found within 328 feet (100 m) of a natural 
water course. Two were too badly decomposed for analysis. Results of 
analyses of tissue samples from the 3 fresh suspected 1080 kills and the 
road-killed coyote are listed in Table 10. 
Remains of 1 domestic dog, 1 long-tailed weasel, 3 Common 
Ravens, 2 Short-eared Owls (Asio flammeus), 3 American Kestrels (Falco 
sparverius), 1 Brewer's Blackbird, and 1 juvenile Brown-headed Cowbird 
(Molothrus ater) were also found in 1979. The dog carcass was found 
during the pretreatment period and was an evident road-kill. The long-
tailed weasel carcass was found on the control area during a small 
mammal carcass search, as noted previously. It was too badly decomposed 
for analysis. 
The 3 raven carcasses also were too badly decomposed for 
analysis. Their sudden appearance within 7 days after baiting began in 
the area at a site where ravens had been frequently observed suggests 
death by 1080 poisoning. 
The 2 Short-eared Owl carcasses were recovered from a baited 
area within 7 days after baiting began. It was later determined that 
they had been struck by agricultural machinery after the young had left 
the nest but before fledging. This apparently is a common source of 
mortality (Clark 1975:50). 
Thie 3 American Kestrels and a single Brewer's Blackbird were 
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found in a water tank on the treatment area. The Brewer's blackbird 
and 1 kestrel were found before baiting began, and the 2 remaining 
kestrels were found after treatment. All 4 apparently drowned. 
The juvenile Brown-headed Cowbird was found less than 1 day 
after baiting on a site where squirrel carcasses were being collected 
for the toxicity tests. It was a suspected 1080 kill, but the carcass 
contained insufficient tissue to analyze for 1080 residue. 
In 1980, 1 Short-eared Owl carcass and parts of a Common 
Nighthawk (Chordeiles minor) carcass were found on the untreated study 
area during haying operations. Both appeared to have been killed by 
agricultural machinery. 
CHAPTER V 
DISCUSSION 
Columbian Ground Squirrel Trapping 
Although Leslie's test showed individuals within age classes 
to be equally catchable, sample sizes were less than the 20 suggested 
by Leslie (Orians and Leslie 1958, Carothers 1971). The Jolly-Seber 
estimates could be biased if the assumption of equal catchability was 
violated. However, the close agreement between population estimates and 
the minimum numbers of squirrels known alive indicates that sampling 
was nearly complete during each trapping period. Whether equally 
catchable or not, few squirrels went untrapped. 
Ground squirrels were extirpated on the treatment area after 
poisoning in 1979. Repopulation of the treatment area grid was incom­
plete by the end of the active period in 1980, with only l/5th as many 
squirrels present as before treatment. Many squirrels captured in 1980 
seemed to be transients captured only once, and previously uncaptured 
individuals appeared throughout the active period. Juvenile squirrels 
were disproportionately less abundant in 1980 than in 1979, indicating 
that reinvading individuals were primarily 1 year old or older and that 
few of them successfully reared young after reinvading the treatment 
area. This would be expected if the immigrants were predominantly non-
breeding yearlings or socially subordinate animals nutritionally unpre­
pared for breeding. Because yearling females were also abundant in 
1980 on the untreated area, their low productivity could account for the 
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small number of juveniles capturcd on the untreated grid in that year. 
The 20% pregnancy rate for yearling females on the control 
area agrees with the 25% reported by Smith (1947) from western Montana 
but not with the 0% reported by Betts (1973) from the same area or by 
Murie et al. (1980) from southern Alberta. The relatively low latitude 
and elevation of my study area is probably responsible for the high 
yearling breeding rate. 
Ground squirrel densities on the treatment area before treat­
ment approximated density estimates of 20 per acre (50/ha) reported for 
other agricultural areas in western Montana (Record, pers. comm.). 
Density estimates from the control area were lower. Density estimates 
derived from the nested grid method of effective trapping area determi­
nation are subject to error if the population is heterogeneously dis­
tributed on the grid. A grid with a sparsely settled center and a 
densely populated edge will give an inflated estimate of effective 
trapping area and a conservative estimate of density. The significantly 
high index of dispersion for the treatment area grid suggests that 
squirrels there were not homogeneously distributed. The heterogeneity 
observed in 1980 apparently resulted from invasion of the grid periphery 
by squirrels from the adjacent untreated site. 
The results of the Rayleigh test suggest that squirrels 
repopulating the treatment area came from the nearest untreated site 
(less than 246 feet; 75 m away) and moved from the edge of the irrigated 
hayfield toward its center. This situation did not test the effective­
ness of the regulation buffer zone (659 feet; 201 m), but it does suggest 
that a 246 foot (75 m) buffer zone is ineffective in preventing 
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reinvasion 1 year after treatment. Buffer zone effectiveness is a 
function of squirrel density outside the zone, the mean length of move­
ment of individuals in the population, and the presence of natural 
travel lanes as well as zone width. 
The failure of squirrels that were marked off the treatment 
area grid to be recaptured is probably due to their taking up residence 
in the poisoned buffer zone rather than the irrigated hayfield itself 
and to the small area of the hayfield sampled by the grid. Also, many 
squirrels marked at the edge of the buffer zone (656 feet; 200 m) 
were probably killed by the baiting effort. 
Small Mammal Trapping 
Deer mouse populations were significantly reduced on the 
treatment area immediately after baiting. Mortality of resident 
individuals on baited trapline segments was close to 100%, but the 
patchiness of bait application kept post-treatment population estimates 
and capture rates above zero. Bait was scattered at the entrances of 
ground squirrel burrows, which were clumped in distribution. Areas of 
an acre (0.4 ha) or more were left unbaited because they contained no 
burrows, and mice on these patches had no opportunity to eat poison 
bait. Deer mice have been reported to rapidly reinvade small depopulated 
areas after removal trapping (Blair 1940) or 1080 baiting (Gashwiler 
1969). 
The less extreme response of microtines to treatment was 
probably a result of their preference for the vegetative parts of plants 
over seeds as food items. This preference makes microtines less likely 
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than, deer mice to visit live traps baited with grain but more likely to 
be recaptured once marked (Getz 1961). Also, vole home ranges are 
smaller than deer mouse home ranges (Brown 1962). Higher post-treatment 
populations of voles than of deer mice were also observed by Morris 
(1970) after endrin spraying. He attributed the voles' more rapid 
reinvasion to higher rates of reproduction and dispersal. 
The synchronous over-winter decline in deer mouse numbers and 
the disparity between estimates of population size from 1979 and 1980 
on all lines are typical of deer mouse populations. Morris (1970), 
Hansen and Fleharty (1974), and Key (1979) reported similar yearly 
fluctuations in deer mouse population levels. Key (1979:68) attributed 
such fluctuations to extreme winter conditions, such as insufficient 
insulative snow cover (Formozov 1946). Western Montana experienced a 
midwinter thaw in January 1980 that may have destroyed the subnivean 
tunnels used as nest chambers and travel routes by deer mice. 
Deer mouse population reductions associated with 1080 baiting 
were severe but no more so than natural reductions from which the popu­
lations can recover in a relatively short time. Microtines were less 
strongly affected than deer mice. Populations of small mammals having 
multiple litters and short maturation times are unlikely to be reduced 
for long periods by 1080 baiting. 
Bird Transects, Banding, and Nest Observations 
The observed declines in bird transect counts cannot be 
attributed to the effects of 1080 baiting. More declines were observed 
in the year after treatment than during the treatment year. The observed 
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declines were probably due to a reduction in conspicuousness of birds 
after breeding activity declined. By the end of July, males of many 
species had stopped singing. Vesper Sparrows, particularly, were 
observed traveling in small flocks of adults and fledglings. 
The absence of rapid declines in transect counts does not, 
however, preclude the possibility of deaths from 1080 poisoning. The 
classic removal study of Stewart and Aldrich (1951; see also Hensley and 
Cope 1951) showed that a large forested area (40 acres; 16 ha) could be 
nearly depopulated of birds (81% reduction) and yet be repopulated within 
a matter of days. 
The known survival of at least 1 of the 2 banded Western 
Meadowlarks shows that insectivorous bird populations were not extirpated. 
With the low number of bird carcasses recovered, this suggests that they 
were negligibly affected by the baiting program. Because 1080 baiting 
was conducted during the breeding season, passerine birds (even granivo-
rous species) were foraging predominantly for seasonally abundant insects 
to feed the young while the bait was available. The yellow color of the 
bait was intended to deter consumption by birds and has been reported to 
be effective (Rudd and Genelly 1956), although perhaps not as effective 
as a green bait would have been (Kalmbach and Welch 1946, Pank 1976). 
Sample sizes for bird nests were too low to detect differences 
in nest success (Hensler and Nichols 1981). Although exposed nests had 
greater success than unexposed nests, this was probably an artifact of 
sampling. The relatively lower hatching success of exposed nests could 
have been due to the deaths of incubating birds or to treatment-related 
nest abandonment, but the evidence is insufficient to confirm the 
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connection. Congenital abnormalities in eggs or young were unlikely 
because most eggs were laid before baiting began on the treatment area. 
Adult or nestling mortality resulting from eating bait or poisoned 
insects would be the expected cause of nest failure. No nestling 
mortality was observed. 
Carnivore Population Indices 
Coyotes and badgers were the only carnivores observed on the 
treatment area. The decrease in the scent station index after treatment 
in 1979 suggests that coyote numbers decreased after baiting. Griffith 
et al. (1980) found that even overlapping lines could produce signifi­
cantly different indices when operated at the same time. They concluded 
that a single index line could not be considered representative of an 
area. This precludes quantification of coyote numbers on the study area, 
but because within-line variation is low (Griffith et al. 1980), the 
downward trend after baiting is probably an accurate reflection of popu­
lation changes. 
The increase in the number of scats on the treatment area and 
the decrease on the control area after 10 July during both years suggests 
that the 2 areas were receiving differential seasonal use. Haying began 
on both areas during the first week in July. It was a quick and effi­
cient operation on the treatment area but a long, slow process on the 
control area. I feel that coyotes were discouraged from using the con­
trol area by humans and machinery that operated after dark, while they 
were disturbed less by brief human activity on the treatment area and 
were probably drawn there afterwards to feed in hayfields where small 
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mammal escape cover had been removed. The nearly universal presence of 
rodent remains in coyote scats suggests that carcasses or dying rodents 
would be readily consumed. 
The observation of coyotes and their scats after treatment in 
1979 suggests either that some coyotes ranging near treated areas 
survived the poisoning campaign or that replacement of poisoned coyotes 
by immigrants was rapid. Both of these factors probably contributed to 
the lack of an obvious change in coyote numbers. However, reinvasion by 
juvenile coyotes usually does not occur until litters break up in the 
fall (Knowlton 1972), and adults alive in the summer are unlikely to 
disperse. High annual mortality rates (47%; U.S. Fish and Wildlife 
Service 1978) and high fecundity (Kennelly 1978) have been documented 
for unpoisoned coyote populations. Computer simulation models (Connolly 
and Longhurst 1975, Connolly 1978) and field investigations (Gier 1968, 
Knowlton 1972) showed that the annual mortality necessary to reduce 
recruitment of young below the replacement rate is rarely achieved even 
under intensive control programs using trapping, poisoning, aerial 
gunning, and den hunting in combination. Coyote fecundity is density-
dependent (Gier 1968) and thus increases in response to exploitation. The 
coyote mortality associated with 1080 baiting in the Blackfoot Valley 
in 1979 probably was not sufficient to reduce the population below the 
level it would otherwise have attained in 1980. 
Utilization of Rodent Carcasses 
The virtual disappearance of edible parts of surface-killed 
carcasses by the 14th day after treatment establishes a limit to the 
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period during which most scavengers are exposed to danger. Carcasses 
in burrows probably persist longer than surface kills and remain avail­
able to coyotes and badgers for an. undetermined period. The estimated 
percentage of surface-killed squirrels (3%) is probably too low, because 
the estimate was based on a comparison of carcasses found over a large 
area with a population estimate for a restricted, heavily populated area. 
I feel that the actual percentage of surface-killed squirrels was 5 to 
10% of the population. Hegdal et al. (1978:41) found 1.59 surface-killed 
California ground squirrel (Spermophilus beecheyi) carcasses per acre 
(3.92/ha) after aerial baiting with 1080-treated oats. This density 
represented 8.3% of the estimated population on their study plots. At 
carcass densities of this magnitude, scavengers, particularly flocking 
ravens, might find themselves competing for the available carcasses. 
Invertebrate decomposers certainly contribute to the consumption of 
carcasses, too. Under these circumstances, the surface carcass resource 
would not last long. 
Toxicity Testing and Pathological Signs 
The median lethal dose of 4.5 squirrels for captive coyotes 
in this study and the 24 carcasses eaten by the eagle that died during 
the test are probably higher than actual lethal doses for animals 
poisoned in the field. Poisoned squirrel carcasses were kept frozen, 
for up to 6 weeks before being fed to the experimental animals, under 
the assumption that metabolism of 1080 would cease in frozen tissue. 
Preliminary results of a recent study have shown this assumption to be 
false (L. Torma, pers. comm.). The carcasses used in the toxicity tests 
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were thus less toxic than fresh carcasses by some undetermined amount. 
The presentation of carcasses at a rate of 1 per day rather than ad 
libitum may have further increased lethal doses by inducing tolerance to 
1080 in the experimental animals (Atzert 1971). 
A coyote foraging in a treated field within a day or two after 
baiting would almost certainly acquire a lethal dose. It is less certain 
that badgers or Golden Eagles could obtain a lethal dose because of the 
relatively low susceptibility shown by these species for badgers = 
1.0-1.5 mg/kg, for Golden Eagles = 1.25-5.00; LD,.^ for coyotes = 
0.10; Tucker and Crabtree 1970). The tolerance to increased doses 
shown by animals exposed to sublethal doses (Chenoweth 1949) raises 
further doubts. Magpies, and corvids generally, could undoubtedly 
acquire a lethal dose immediately after baiting, but would become less 
vulnerable as surface kills disappeared. With the passage of time and 
degradation of carcasses, all species become less likely to acquire 
lethal doses. 
The symptoms observed in captive coyotes were the same as those 
reported for domestic dogs (Chenoweth 1949, Nichols et al. 1949). Patho­
logical signs observed in coyotes were similar to those described by 
Radeleff (1970) for domestic animals and Hegdal et al. (1978) for 
coyote carcasses recovered in the field. 
Pathological signs observed in coyotes provide a non-analytical 
means of identifying fresh carcasses as 1080 kills. Commonly used 
analytical techniques are expensive and require large, fresh tissue 
samples (Peterson 1975). A newer method (Okuno and Meeker 1980) 
requires less tissue and is more accurate but nevertheless is expensive 
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and dependent for its accuracy on the freshness of the sample. Where 
analytical facilities are not available, gross necropsy of coyote 
carcasses can establish the probability of 1080 poisoning. Diagnosis 
of 1080 poisoning in Golden Eagles and magpies by necropsy cannot be 
done with such confidence. 
Recovery and Analysis of Nontarget Carcasses 
Because of the length of time passed between carcass recovery 
and carcass analysis, the Peterson (1975) method of analysis for 1080 
residue proved unsatisfactory. This method is also known to give false 
positive values (E. Fite, pers. comm.) and probably did so in the case 
of the road-killed coyote (Table 10). One coyote shown to have no 1080 
residue was almost certainly a 1080 kill; it was found within 100 feet 
(30.5 m) of a coyote carcass that was analyzed as positive for 1080 
residue, and showed the dark liver and unclotted blood typical of known 
1080 kills. Both were found during the 2 week period after baiting. 
No mammals other than coyotes and rodents were classified as 1080 kills. 
I could find no for Common Ravens reported in the 
literature. However, corvids are extremely susceptible to 1080 
(Atzert 1971), and ravens would be expected to scavenge carcasses of 
poisoned squirrels and small mammals. They are highly mobile and likely 
to die at resting sites away from treated areas. Hegdal et al. (1978) 
collected no raven carcasses, despite the presence of ravens on their 
study area. Welch (1945, cited in Hegdal et al. 1978) observed ravens 
feeding on squirrel carcasses but did not observe raven mortality. 
Although the raven carcasses collected in the present study could not 
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be subjected to residue analysis or gross necropsy, I suspect that they 
were 1080 kills. 
Circumstantial evidence strongly indicated that the juvenile 
Brown-headed Cowbird was also a 1080 kill. A newly fledged brood 
parasite would probably be less deterred by dyed bait than other 
granivorous fledglings reared and trained by their true parents. I was 
unable to find any reference in the literature to Brown-headed Cowbird 
mortality associated with 1080 baiting. However, juvenile Brewer's 
Blackbirds were reported as more common than adults in an early carcass 
collection study (Spencer 1945, cited in Hegdal et al. 1978). 
Management Implications 
The baiting program as conducted in 1979 achieved the intended 
purpose of reducing Columbian ground squirrel populations. The buffer 
zone width necessary to totally prevent immigration in the year after 
poisoning was greater than 246 feet (75 m), but a zone of the dimensions 
used in this study (> 659 feet; 201 m on all but approximately 30% of 
the perimeter of the study grid and 246 feet on the remainder) would 
probably hold the squirrel population to a level acceptable to the 
landowner in the following year. 
Passerine birds were negligibly affected by the baiting pro­
gram; however, mortality might be further reduced by using bait dyed 
green rather than yellow (Kalmbach and Welch 1946). The effects of the 
baiting program on corvids and coyotes might be reduced by limiting the 
use of treated areas by scavengers until after carcass decomposition 
and 1080 break-down have reduced the amount of poison available. 
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Appendix A. Results of Leslie's test of equal catchability for age 
classes of ground squirrels on treatment and control 
areas. Degrees of freedom are given in parentheses for 
each test statistic. These data show that the age groups 
are not always equally catchable. 
Age group 
Test Statistic 
Treatment area Control area 
Adults 12.046(11)' 24.490(15) 
Juveniles 27.018(26)' 10.993(10)' 
Adults and juveniles 38.232(38)* 43.000(26) 
a0.90 >P > 0.10; equally catchable 
^0.10 >P > 0.05; equally catchable 
C0.025 >P > 0.010; not equally catchable 
Appendix B. Ground squirrel population estimates and minimum numbers known to be alive for the treat­
ment and control areas. Ninety-five percent confidence intervals are reported for the 
means where calculable. 
Period 
Treatment area Control area 
Juveniles Adults Total MNKA Juveniles Adults Total MNKA 
1-4 Jun 79 15.3 49.3 64.6 7 8.7 40.2 48.9 4 
9-13 Jun 79 37.0*2.0 44.0±0.8 81.0±2.2 80 18.0 34.0^0.9 52.0 49 
20-25 Jun 79 84.1*13.2 37.1±8.5 121.3±15.7 101 37.1*3.2 26.4*3.9 63.4*5 .1 61 
1-4 Jul 79 53.0*0.2 21.0±0.3 74.0*0.3 74 29.3*2.7 20.0*4.2 49.3±5 .0 50 
Treatment occurred on 10 Jul 79 
23-26 Jul 79 0 0 0 0 20.0*0.1 13.0*0.2 33.0*0 .2 46 
3-6 Aug 79 - - - 0 16.8 10.6 27.4 40 
1-4 May 80 - - - 11 - - - 42 
12-15 May 80 - - - 8 - 36.3±2.1 36.3*2 .1 39 
30 May-1 Jun 80 - 9.7*3.2 9.7±3.2 8 - 42.9*3.1 42.9*3 .1 43 
10-13 Jun 80 - 13.3*1.8 13.3*1.8 9 - 40.0*1.6 40.0±1 .6 42 
22-25 Jun 80 0.5 26.0*20.7 26.5 14 16.0*1.3 38.0±2.1 54.0*2 .5 53 
3-6 Jul 80 1.0 16.4*13.9 17.4 12 16.0±0.1 33.3*1.3 49.3*1 .3 49 
23-26 Jul 80 3.0 4.0*0.6 7.0 7 14.0±0.1 27.9±2.7 41.9*2 .7 40 
4-7 Aug 80 4.7 1.0 5.8 0 10.0±0.2 15.0*0 25.0±0 .2 25 
inimum number known alive 
Appendix C. Results of Leslie's test of equal catchability for deer 
mice on small mammal traplines. These data show that 
individuals are not in all cases equally catchable. 
Control Area 
Hay 
Test statistic Degrees of freedom 
Treatment Area 
Sage 19.35a 9 
u b Hay 00 
Pine 7 . 5 8 °  9  
Grass 14.53° 8 
Sage 13.85c 
co b 
Pine 5.00C 
Grass 10.70C 
p <0.05; not equally catchable. 
^Leslie's test statistic is incalculable. 
Q 
p > 0.05; equally catchable. 
Appendix D. Deer mouse population estimates and minimum numbers known to be alive for treatment and 
control areas. Ninety-five percent confidence intervals are reported for the estimates 
where calculable. Minimum numbers known alive are given in parentheses. These data show 
the over-winter declines on all lines. 
Treatment area Control area 
Period Sage Hay Pine Grass Sage Hay Pine Grass 
5-7 Jun 79 19.1*3.9(14) 4.0*1.4(3) 
14-16 Jun 79 57.3*18,8(27) 8.0*0.9(8) 
25-27 Jun 79 35.4*6.0(30) 7.0*0.5(7) 
5-7 Jul 79 41.9*12.3(31) (9) 
Treatment occurred on 10 Jul 79 
15-17 Jul 79 22.3M.K20) (0) 
27-29 Jul 79 21.8±2.6(20) (1) 
7-9 Aug 79 23.9±2.0(23) (2) 
18-20 Aug 79 24.7±10.8(i9) (0) 
26-28 May 80 9.0*6.0(7) (0) 
7-9 Jun 80 12.0=^.0(7) (2) 
18-20 Jun 80 12.0*1.0(8) 3.0*1.6(3) 
30 Jun-2 Jul 
80 8.8*2.6(7) (2) 
12-14 Jul 80 7.0*3(7) (2) 
17-19 Jul 80 16.0^0.6(16) (3) 
4.0*1.7(4) 
10.0*0.8(10)  
26.5*6.9(23) 
47.0*13.0(34) 
32.4*5.1(29) 
29.6*10.6(22) 
19.2*2.5(18) 
(17) 
( 1 )  
( 1 )  
( 2 )  
( 1 )  
30.3*5.9(24) 
35.1*5.8(30) 
44.2*12.9(33) 
27.0*5.8(21) 
30.6*5.4(23) 
25.6*3.0(24) 
34.6*19.1(22) 
24.4*17.0(12) 
31.5*26.2(13) 
21.8*5.6(15) 
19.1±8.5(14) 
19.5*10.1(12) 
33.6*13.0(24) 
13.0±0.5(13) (0) 
14.6±1.2(14) (0) 
21.4±3.6(19) (0) 
20.1*2.8(17) (1) 
6.0±0.8(6) 
13.0±0.6(13) 
22.2*3.7(19) (2) 7.0*0(7) 30.3±8.9(22) 
25.4*3.0(23) (1) 11.9*5.6(9) 20.0*4.5(17) 
8.0*0.4(8) 20.7±5.9(17) 
(9) 12.0±0.2(12) 
34.3*13.0(24) (0) 
21.2*13.0(16) (1) 
4.0±0(4) 
5.0*0.4(5) 
3.0*0(3) 
( 0 )  
( 0 )  
( 0 )  
( 0 )  
( 0 )  
( 0 )  
( 0 )  3.0±0.8(3) (0) 
2.0*1.4(2) (4) 
(4) 3.0*1.6(3)-
5.01:1.8(5) 
4.5±2.1(4) 
(3) 
3.0±0(3) 
(3) 
5.0*1.1(5) 
Cv 
N> 
ix E. 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
Dosage histories, ages, sexes, and body weights of captive mammals used in toxicity 
tests. The number of squirrel carcasses eaten by each animal is listed for each day 
of the test. 
Coyote #953 Coyote #957 Coyote #FARPEN Coyote #CELL32 Badger 
1 yr old male 1 yr old female 1 yr old female 2 yr old male male 
19.75 lbs. 23.25 lbs. 19.50 lbs. 24.00 lbs. 14.25 lbs. 
(8.96 kg) (10.55 kg) (8.85 kg) (10.89 kg) (6.46 kg) 
1 
Dead 
1 
1 
1 
1 
Dead 
1 
1 
1 
1 
Dead 
1 
1 
1 
1 
Convulsion 
1 
1 
1 
Dead 
Sacrificed 
OJ 
64 
Appendix F. Dosage histories of captive Golden Eagles used in 
toxicity tests. The number of squirrel carcasses eaten 
by each animal is listed for each day of the test. 
Eagle Eagle Eagle Eagle Eagle Eagle 
Date No. 1 No. 2 No. 3 Date No. 1 No. 2 No. 3 
21 Jul 79 1 1 1 19 Aug 79 1 1 
22 Jul 79 1 1 1 20 Aug 79 1 1 1 
23 Jul 79 1 1 1 21 Aug 79 - - -
24 Jul 79 1 1 1 22 Aug 79 1 1 1 
25 Jul 79 1 1 1 23 Aug 79 1 - -
26 Jul 79 1 1 1 24 Aug 79 1 1 1 
27 Jul 79 1 1 1 25 Aug 79 - - -
28 Jul 79 1 1 1 26 Aug 79 - - -
29 Jul 79 1 1 1 27 Aug 79 2 - -
30 Jul 79 1 1 1 28 Aug 79 - - Dead 
31 Jul 79 1 1 1 29 Aug 79 1 1 -
1 Aug 79 1 1 1 30 Aug 79 1 1 -
2 Aug 79 1 1 1 31 Aug 79 1 -
3 Aug 79 1 1 1 1 Sep 79 1 1 -
4 Aug 79 1 1 1 2 Sep 79 1 1 -
5 Aug 79 1 1 3 Sep 79 -
6 Aug 79 1 1 1 4 Sep 79 1 1 -
7 Aug 79 1 5 Sep 79 1 1 -
8 Aug 79 1 6 Sep 79 2 1 -
9 Aug 79 1 7 Sep 79 - - -
10 Aug 79 1 8 Sep 79 - - -
11 Aug 79 1 9 Sep 79 - - -
12 Aug 79 - 10 Sep 79 - - -
13 Aug 79 1 1 1 11 Sep 79 - - -
14 Aug 79 1 1 1 12 Sep 79 - - -
15 Aug 79 1 1 1 13 Sep 79 1 1 -
16 Aug 79 1 1 1 14 Sep 79 1 1 -
17 Aug 79 1 1 15 Sep 79 1 1 -
18 Aug 79 
Totals 39 43 24 
65 
Appendix G. Dosage histories of Black-billed Magpie groups used in 
toxicity tests. The number of squirrel carcasses eaten 
by each group is listed for each day of the test. 
Group 1 Group 3 
(fed opened Group 2 (fed whole 
carcasses) (fed viscera) carcasses) 
Date n=4 n=3 n=4 
13 Sep 1979 2 1 1 
14 Sep 1979 - 1 -
15 Sep 1979 - 2 1 
16 Sep 1979 - - -
17 Sep 1979 - - -
18 Sep 1979 - - -
19 Sep 1979 2 - -
20 Sep 1979 - - 1 
21 Sep 1979 - - -
22 Sep 1979 la - 1 
23 Sep 1979 - a -
24 Sep 1979 la - 1 
cl » • 
1 magpie died on these days 
